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La$er system 

#rhis invention relates to a laser system. 

5 The aim of the Multiple Cavity High Brightness Diffraction Limited Diode 
Laser concept is to squeMB the putput power of fte«, runnlnfl multi^pdp 
laser diodes into the lowest spatial angle as possible. The results are laser 
systems based on single stripe diodes, diode bars and diode an^ thai 
produce diffraction limited high brightness optical outputs. 

10 

The output power of laser diodes Is limited by the geometry of the active 
region of the emitter. This is due to the fact that the optical output intensity 
can damage the material of the lasing medium if the intensities reach a 
material depended level. Therefore high power laser diodes are forced Into 

15 the use of large geometries as; wide single stripe emitters, whidi introduces 
effects of multi-mode lasing, or several wide emitters In bars or arrays. The 
multi-mode diodes distribute the optical output power over the number 
modes that overcome fine lasing condition. These modes radiates from the 
emitter Into space in different spatial angles. The total output is therefore 

20 none diffraction limited and with low brightness, relative to the optimum. The 
bars and arrays suffer from the same problems of none diffraction limited 
and low brightness outputs also, because they are build up of wide single 
stripe emitters. 

2 5 International application WO 02/21651 discloses a laser system with a laser 
diode and an external cavity selecting a single spatial mode of a spatial light 
distribution. 

However, the prior art involves the problem that, at high output powers, the 
30 optical power inside the laser diode may become so large as to damage the 
laser diode, thereby limiting the achievable optical output power. 

This problem is solved when a laser system comprising 
- an amplifier member including an amplifying medium; 
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- a first reflecOvfe-member located on a first.side of the amplifier member. 

- a second reflective member located on a second side of tb.e amplifier 
member opposite the first side; 

Is ehafad^lsed in 



that the laser system further comprises a third reflective member located on 
the second side of the amplilying member and. during operaUon. cooperating 
10 with the second reflective member to control the spatial Intensity distribution 
of the light distribution In the amplifying medium in a direction along the first 
and second sides of the ampTifier member. 

Consequently, by controlling the asymmetry of the light distribution inside 
15 the amplifying medium, the maximum achievable output power may be 
Increased, thereby providing a laser system having a high brightness and an 
output beam witfi good coherence properties. 

The first reflective member may be a coated rear facet of the amplifier 
20 member, e.g. a rear facet of a laser diode having a reflective coating. Other 
examples of reflective members include an external min-or or an external 
grating. Furthemiore. the first reflective member may be divided in two or 
more reflective components, e.g. two external min-ors or gratings forming an 
acute angle between them, or a rear facet including two areas fomr»lng an 
25 acute angle between them. 

The second and third reflective members may be external mirrors or 
gratings, or any other suftable reflective member. For example, the second 
and third reflective members may be respective areas of the front facet of the 
30 amplifier member, the areas forming an acute angle between them. 
Preferably, the areas are coated with a coating having a reflectivity which 
depends on the Incident angle. Other examples of reflective members 
include a hologram. 

35 The concept of the multi-cavity high brightness diffraction limited diodes 
lasers is to use a principle of multiple cavities to squeeze the power 
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distributed on the giving number of existing modes into one mode, only. The 
laser then radiates a diffraction-linfflted beam wRh ^timal high bN^tness. 
This technique can be applied to single stripe diodes, as well qs diode bars 
and diode arrays, 
5 - 

The invention further relates to a combination of using diode lasers with 
more than two cavities, where the principles of selective mode feedbsc^ 
used together with the principles of multi-beam interference to introduce 
gratings into an optical amplifier. This is further combined with grating 

10 introduction, amplification and stabilization in the optical amplifier by the 
principles of fbur-^vave mixing. Finally this Is combined with the introduction 
of transverse contributing cavities that creates asymmetry to the optical 
output and controls the strength of the gratings introduced Into the amplifier. 
Here the optical amplifiers are single stripe emitters or emitters arranged as 

15 bars or arrays. This principle works one all wave lengths. 

The Invention will t>e explained more fully below in connection with a 
preferred embodiment and with reference to flie drawings. 

The Distribution of Diode Laser Output Power Into Multiple Modes 

20 The far-field profile (FFP) of a laser diodes output can be used to analyze 
the mode information of a laser diode. This Is due to the fact that the FFP is 
the Fourier-transfomi of the laser diodes near-field profile (NFP). The NFP !s 
the intensity distribution of the output measured on the surface of the 
emitter. The FFP of a multi-mode diode loolcs like an interference pattern of 

25 lines, where each of the fringes corresponds to a single mode.^ Each mode 
Is therefore seen to radiate into its own spatial angle. On figure 1.1 an 
example of a FFP is seen from a 3W diode with cavity lengths of 
1000x200x1 Jim (LxWxH). A CCD camera has recorded the Image. 





Figure 1.1 TheFFP of a 3W diode 








This FFP is shown as a false-colors 
ifioage, where black/blue (dark gray 
values) correspond to low ioteosity and 
yellow/red (Iig^t gray values) to high 



The FFP is not an intadTereiiGB pattern, it ja$i lock like one. 
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intensity, The imiividual modes are seen 
asJio^zoofaaSiieg. 



If the power distribution of figure 1,1 is examined more cartSful at a higher 
resolution, one' can see the contribution from the single moc^s more dearly. 
Such information can be obtained by moving a narrow slit in front of a power 
detector ftrough the image of figure 1.1. This is done for both for the vertical 
and the hbrtzonlal direction. The result produces the curves seen bnligure 
1 .2 and 1 .3 respectively. 



Figuxe 1.2. Vertical FFP, slow axis. 



A vertipal cross scanning through the 
center of Figure 1.1, resuks in the curve 
seen on figure 12. The different curves 
correspond to different levels of gain. 

The x-^s reference is the radiation 
angle of the modes. The y-axts is the 
measured power. Each of the anall peaks 
is the contribution from a ^gle mode. 

The profile her is referred to as the sW- 
axis (lew divergence) FEP. This direction 
linked to the width of the diode. 



From figure 1.2 it is seen that modes existing at high angles, until a certain 
limit, is amplified more than modes at small angles. One gets a M-shaped 
slow-axis FFP profile. 




Fi^gure 1.3. Horizontal FFP, fast axis. 




A horizontal cross scanning through the 
center of Figure 1.1, results in the carve 
$em on figure 1.2. 

The profile her is referred to as the fast- 
axis (high div^gence) FFP. That is the 
direction liked to the hdgbt of the diode. 

One mode is seen to exist her, only. This 
direction of the beam is therefidre ideal to 
the aim of produdng a diffiacdon limited 
biigh brightness output. 
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From figure 1,1 to figure 1.3 il can be conclHidied thai the properties of the 
slow-axis only differs from the aim of conStijJCHng a rnultiple cavity high 
brightness diffraction limited diode laser systems. The fa^ axis prctflle shows 
a contribution from a single mode only, already. 

5 

An important question to the principles used for these laser systems are, 
' >^y thes^ 

not agree with the expectations. In the classical point of view to lasers, 
where lasers Is a one-dimensional devices with two mfn^ors that make up a 
1 0 cavity. In such a case almost ail power should have been radiate through the 
center mode, at 0°, which clearly not Is the case her. An example of such 
ampHficatlon vs. the angle of radiation Is seen in figure 1.4. 

The mimber of possible reflections and 
thereby the length of the amplification 
path is highly controlling the ratio of 
amplification. A mode that exists at a 
high angle i.e. S"* gets almost no 
amplification, where as modes at small 
angles i.e. 0.1° gets higt amplificatiotu 

If negative an^es are included the 
curve can be minored in the y-axis. 
This corresponds to a FFP as seen on 
figure 1.2. It may even be rotated 
around the y-axis. J£ then seen from 
above one gets a FFP image like figure 
1.1. 

15 The case of figure 1.4 will results in a well-known Gaussian FFP profile as 
seen from l,e. a HeNe laser. It is seen thai absolute no agreement can be 
found between the curve on figure 1.2 and the figure 1 .4. The one dimension 
laser model does not work her. 

20 Meanwhile the principles of multiple-bBam Interference explain the 
phenomenon seen in slow-axis direction on figure 1 .2. 

The Principles of Multiple-Beam Interference 




Figure 1.4. Normal gain vs. angle 
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One can explain the phenonienon of jncn«sed amplSficatipn of high angle 
mode to be caused by the principles of inultlple4>earfi Interference, se figure 
Z1 for an illustration. The interference pattern causes a grating to exist 
inside the lasing medium, due to diffusion, of ele<^rons. This diffusion is 
controlled by the contrast in the interference pattern. K can her be shown 
that the contrast in the interference pattern Is almost washed out for modes 
at small angles, the center modes. Whereas the cqrrtrast rises for higher 
angles until the phenomenon of multiple-beam Interference disappear due to 
the geometries of the cavit^es^ se figure 2.2. Some modes will therefore get 
extra ampliflcatton because they e)dst at angles where constructive 
Interference exists. Others are similar damped due to destmctive Inference. 
This phenomenon changes the properties of the gain due to the electron 
ditfUsion, also. The modes at high angles can therefore be amplified more 
that modes at low angles.' 



Figure 2.1. Multiple^beam iutetference. 

FB*dbidcb«unE> 




A starting beam Eo can have its origin 
either from the out adc the diode O-C- 
ftedback) or from inside the diode itself; 
by spontaneous or simulated emisaon. 

In both cases the beam will propagate 
until it gets interaction with an interface, 
where parts of the beam will be reflected 
and transmitted, Inside the diode the 
beam can be amplified due to gain. The 
output beam, Eoui and the irradiance loiai 
is then given by 



The theory used her can be used with the same effects on i.e, piece glass, 
because the starting beam does not have to originated from the lasing 
medium at alL The gain of the lasing medium Is not required, too. Therefore 



^ The leasoa for iising the witd cavffies and not caviiy is 

cavtecs: One in longitodiiua-. one m slow-axis- and one in fest-ajos 

essential to understand why a Multiple Cavily JS^ Brightness Difliactioii Limxted Diode Laser can 
helnnld* 

^ This pbcnomenon is vcay essendal to tbc mdeistanding erf optimal fcrdbadj of selective modes 
es^lained later on. Feedback act an^ with oonsinicU ve iniefferenco wffl snccocd onV. 
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« • tt is shewn thai the laser diode is not a las^r in itself in.ft)i9^ 

is an optical amplifier only. 

_ 

Pigure 2.2. Intocfoence VS. ai^e (TM) 

The intensity of the of the interference 
patterns drawn as fgnc^pn of t|ie anigle. 
This curve .is done with out gain and 
losses. Ah external starting beam is used, 
similar to Lc. feedbadL The angles are 
given as far'-field angles. The diode 
ynA<tintn is GaAs With the geometries of 
100Qx200xl^m. The reason for all the 
sharp comers is that the model takes into 
account interactions at surfiices. only. 
The sides to the left and the right of the 
medium are assumed to be a ptffect 
absorber, ako. 

The figure 2.2 can be related to figure 1 .2 as a wrap around curve. If gain Is 
included the contrast is changed only. The case of figure 2.2 can then be 
compared with the case on figure 1.4. Both explain the effects of gain, but 
with different results. 

The phenomenon of multiple interference stops when the angle becomes so 
high that no reflected beam can come back to the first Interface. Normal 
reflection from a surface Is then seen, se figure 2.3. 






Above angles of 20^ it is seen that no 
multiple-beaxns interference exists any 
longer. TUa limiting angje is controlled 
by the geometry of the diode OLxBxEI), 
only. 

One can recognize the curve above the 
lindting anj^e to be a re0ection curve of 
a transverse magnetic (TM) beam. 
(Calculated from the Snell reflection 
coefficients). 



The wrap around curve can be turned Into a FFP like image, by sending an 
extra beam in from the left with respect to figure 2.1, se figure 2.4. Here the 
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center value, that equals 10. Is chosen tQ equal the center value df .^ 
measured curve that crosses the y-axis at 1.5. at figure 2.5. The size of the 
gain parameter Is used to fit the contrast One have to keep in mind that 
figure 2 4 is not a real FFP. fcwt a gain controlling effec*. The similarity is how 
ever conversing, if one thinks of the curve on figure 2.4 to be the warp 
around curve Jo figure 2.5. This lead to the atfiduslon. that the effects of the 
multiple^jeanrinterferBKce are responsible forthe ^ 
wide single stripe diodes. So far all experimental FFPs seen obeys this 
theory. 



2.4. Calculated far-fi^rofilc. Figure 2.5. Red diode fer-fidd profile. 
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one can daim that the coherence properties of the beams are not good 
enough to make such Interference patterns - that might be tnje. Meanwhile 
this doesn't matter because the effect of 4^ave mixing takes Into account 
this problem, and further It stabilizes this effect. See the description in 
chapter 3. 

On figure 2.5 it can be noticed that asymmetry exist around the y-axis - 
modes to the right is amplified slightly more than modes to the left. This 
property is not Induded In this multiple-beam description. The phenomenon 
is meanwhile induded in the theory of transverse contributing cavities, as 
described in the chapter 4. 

One may have noticed also that the cun^e on figure 2,5 has an error. The 
interference effects between the two starting beams that travel In exactly the 
opposite direction of each other are not Induded. The effect Is meanwhile 
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that the contrast «n the interferewdp pattern ie Inoreasad. Fuffeer #iey coqple 
to each other through ^wayei rrtMriig, vi'hidi maikes the peffect properties of 
coherence for the creation of interferenciB and thereby the gratings simllac to 
those of the muHiple-beam intecfference. Thereby these two effects contribute, 
5 to the same grating. This process , is started by the multiple-beam 
interference that generates the first grating in which four-wave mixing can 
. tal<e place. • 

A natural question is riow regarding basic theory of Interference, what 
10 happens If the amplitudes of the two opposite traveling beams not are equal. 
The quick answer Is that the contrast on the Interference pattern is changed. 
In this case where I.e. one beam is unity in amplitude and the other is zero, 
one should basically not get any intarference, but because of the multiple- 
beam interference the Interference will exist any way. But it will represent the 
15 minimum contrast possible. If the two beams have the same Intensity 
maximum contrast will exist. Therefore twice the contrast of the single beam 
case can be reached. This contrast is so high that modes above, in this case 
4°, are damped so mush that practical no modes can exist above this limit 
This effect can be seen at figure 2.5. too. The more sophisticated answer is 
20 that the output becomes asymmetrk: as described later on In the chapter 4. 
the theory of transverse contributing cavities. 

In the following, the multiple beam interference will be described in greater 
detail. 

25 

The AmolHieation Inside a i aser Diode Cavltv 

Light that is amplified inside a laser diode cavity can have its origin from 

spontaneous emission, stimulated emission, or it can be light reflected back 

30 into the cavity by an external cavity. I all cases the amplification is depended 

on the length of the amplification path and the out coupling at the cavity 

mirrors, inside the cavity of multi-mode diodes modes exists at different 

angles and they are reflected multiple-times Inside the cavity, as sketdied In 

figure 2.6. Therefore different modes have different amplifications paths. 

35 .... 
The baac amplification as fimctioii of the Figure 2.6. Amplification path m cavity. 

anvlification length can be can be 
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expr^sed as, 
'/(C)=/(0>-f''l' 



(1) 




Miinir2 



IMbere I is the irraffiaace, gCv) is the gain 
per length for a frequency v and L is the 
length of the amplification path. [2] 

Mantty n^ection made the diode cavity 
therefore results in a high ampfification 
because of a long amplification path. 
This corresponds to small angles relative 
to the surface nonnal. 

If the amplification is calculated from the path given by the number of 
possible reflections for a given angle, then the Irradiance as function of the 
angle can be plot as seen in figure 2.7. 

The gain medium is assumed to be ^^Imi^^I^^^^"^ 
GaAs with tbe dimensions 1 000 x 200 
um. 1(0) = 1 and g(v) = 1 per meter 
(10 times threshold. 

It is seen that small angles results in 
the highest amplification. Therefore 
multi<> mode diodes must emit most 
power in the modes dosest to 0''! The 
beam divergraee must also be very 
smaD. 

(Angels is r^sr^ced to the fiar-field) 

The far field profile of such a diode should therefore look like the curve in 
figure 2.8, Here all modes have to exist below this amplification curve. At 
figure 2.9 a far-field profile of a real diode w/ith the curves made up by the 
existing modes. This diode has the same dimensions and properties as the 
one in figure 2.8. The diode is shown at different levels of gain. 




Figure 2.8. Calculated fer-field profile. 



Figure 2.9. Real diode far-field profile. 
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It is clear thai these two cases not can be related to each other at all. A real 
diode is not depended on the gain inside the cavity medium only, but also on 
something else. 



The curve on figure 2.8 is of cause the aim of all laser constructions. 
Therefore the aim her Is to change the construction of the laser In figure 2.9, 
or manipulate it to run and worik In a different way until the result of figure 2.9 
is obtained. This is exactly what is described in 4ie next sections. 



Hence, the normal simple gain per distance calculations is not valid for wide 
single stripe diodes. It Is clear that no agreements between experimental and 
theoretical results exist. Therefore more advanced modelling techniques 
have to be included. 



The next section therefore explains why a real diode behaves different from 
what normal is assumed. The introducing of multi-beam interference does 
this. 

20 The MultlDle-Beam Interference inside a Laser D iode Cavitv 

When a beam with the origin from either the inside of the diode or from 
feedback made by an external cavity, effects of multiple-beam Interference 
. will exist Inside the diode cavity. These effects are seen as induced gratings 
25 caused by the interference patterns. The electrons In the diode medium are 
forced into none-uniform distributions because of the Interference pattern. 
The interference can be either constructive or destructive. The contrast In 
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these patterns is responsffete for the electron disbibufiqn^ and Iherebjr the 
gratings. The electron distribution is related direcljy to the index at raracljon. 
and the properties of amplMcation. 

5 The simplest case of a description fs to assume that the diode is at 
threshold, loss equals gain. Further It is assumed that the origin df the light 
Is exterriall^^ This <»rresponds to the well-knov^ case of multiple-beam 
interference in a piece of glass, as illustrated In figure 3.1. (see e.g- 
Introduction to optics, F. L. Pedrotti, S.J. and L S. Pedrottl. ISBN 0-13- 
10 016973-0) 

The parameters important to multi-beam 
inteiference are the Gi angle ofinciden.ee, 
tcpvhy the tfaidmess and Wc^f^fhe width of 
the cavity medium, and the indices of 
refraction. 



The multiple beams have originated from a 
single beam and the multiple beams are 
therefore coherent, in the ideal case. Close 
to the normal incidence the beams E 
vibrations are nearly parallel, too. The 
angles for feedback said normal beam 
divergence from a free runtiing diode should 
be noticed her to msts at small angles 61 < 
T. 

In the following subsection the effect of multlpte-beam Interference is 
calculated for the case shown in figure 3.1 . 

15 

Calculation Of the Multiple-Beam Interference Effects: 
Suppose that the electric^ield propagating through the diode medium can be 
described as E » Eo expCiot), and the phase difference between successive 
reflected beams is gh^en by (see e.g. Introduction to optics, F. L. Pedrotti, 
2 0 S J. and L. S. Pedrottl. ISBN 0-1 3-01 6973-0): 

The N'th beam returned into medium 1 by reflection from the cavity can then 
be written as 




Fig. 3.1. Mulliple-beam interference 
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This is not valid for the El fieM because it never enters rnedium 2. This field 
Is mean%^ile given by 

In these fonnulas the t's is the transmission coefficients and r's is ihe 
reflection coefficients for the interface between the different mediums. The 
subscript d means that the beam is traveHIng downwards relative to figure 
10 3.1, and subscript u means upwards. By introducing the relative refractive 
index mid=n2/ni, miu=n,/n2 etc. and by the use of Snell's law the coefficients 
can be written w'rth respect to the transverse electric TE and the transverse 
magn^lc TM mode as: 

/— ~ r4) 

TE. r^-^~ 1 , 

B coaff + V» -^ 9 

^cos^ 



15 



~ E~ n^eos0+^ln^-an'B 

Most cases will include the TM mode only. The total reflected beam is then 
given by 

20 The transmitted E-fleld is not included here, It is considered to be a useless 
loss, because it does not contribute to the lasers output beam at all. 

This actual effects seen at a detector is the irradiance given by 

(6) 



25 
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The effects of royJtH>e|im. ijri|erfe?Bnpe^^^^ ^gm. Jhroygh a 

numeric example. ^ 

An Example of Multi-Beam Interference: 

For an Incident beam in TM-mode and diode cavity dimensions 3t i. e. 
•1000x2um no multiple-beams can exist at angles > 0,1**. The reflection from 
interface 1 will therefore make up the reflected In-adiance IR alone, se figure 
3.2. This case returns the well-known TM-refiecllon curve, seen at figure 3.2 
(see e.g. Introduction to optics, F. L. Pedrotti, SJ. and L S. Pedrotti. ISBN 0- 
13-016973-0). If the cavity dimensions are changed to 1000x200um several 
internal reflections will contribute to the IR, see figure 3.3. 




Figure 3.2. TM reflection from suifice. Figure 3.3. TM Multi-beam reflection. 



Conditions: 

Wavelength: SSOnm, TM-mode, I = 1 arb. unit 

- The medium 1 is assumed to be air: nt^^l 

- The medium 2 Is assumed to be GaAs: n2=3.6, cavity 1COOx2/200um 
(LengthAA/idth), no amplification or Internal losses are included. 

- The medium 3 is a high reflecting mirror (98.6%): - na « 1 000 

- Angle are related to the far-field. 



25 



To investigate the interesting region (0°-10**) on figure 3.2. se figure 3.4 for a 
zoom. 

What we seen Is actually the amplitude of the reflected beam at different 
angles, where the incident beam had an Irradiance lo = 1. Due to the 
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interferencf the jiower dls^bMtjon Is cJhang^fl. Sorae mpdft^ are natural 
suppressed, whereas olhers ar^ girfiplified. This leads to the cooduslojl that 
some angles of Incldence/feedbapk^have more €flecl than others, also. 
Almost no changes are seen at modes near O*" to 2^, Modes at 2» to3* is 
slightly more amplified or subdued. At 3» to 5- the effect is even clearer and 
above 5** the effec43 Is really strong, tens of percent. 




Dramatically events are now seen to 
exist. Every event corresponds to an 
introduction of a new component 
contributing to the irradiance Ir. The 
limiting angle of tins phenomenon is 
seen to be around 20°, in this case. 
Above this angle no multiple-beams 
can exist and Ei contributes to Ir» 
oidy. This limiting angle is controlled 
by the ration between the cavity 
width and hdg^. 



10 Including the Gain Effect: 

The next question is natural, what happens if gain Is included? Multiplying 
each field En by a gain factor, which Included the gain effects since the En-i 
field, se figure 4. 




The only effect of the gain is seen to exist in the contrast of the interference 
pattern. The contrast and thereby the strength of the effects of the multi- 
beam interference is therefore seen to be controlled by the gain alone. 
Whereas the angle of Incidence controls If constructive or destructive 
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interference Is dbfejned. Therefore higher gain and hfflher angles of 
Incidence returns mdre angle depended ampHfication. 

An Important issue is here that this modfl does not distinguish the laser 
diode from the external cavHy. Therefore one cannot talk about that the 
diode Is the lasjir and a feedback system Is an external cavity. The laser is 
both the diode and th« external cavity. As it will be shoWn later on the diode 
is an amplifier that amplifies >what the laser is tuned for. only, the properties 
of the 10 is therefore very Important for the behaviour of the laser 

The far-field profile: 

All modes of a multi-mode diode have to exist below the Interference gain 
curve of figure 3.5. Therefore an approximated far-field profile (FFP) of a 
diode can be calculated from the knowledge of the geometry, material, gain 
and io- The number of modes, mode spacing and mode width is not included, 
yet But the modes amplitudes are herby described, se figures 3.6 and 3.7. 



3.6. Calculated far-field proffle. Figure 3.7. Real diode ftr-fidd profifc. 




The Io and gain is her chosen to fit the real diode FFP that crosses the y-axis 
In 1.5 [arb. units]. The In^diance Io Is chosen from figure 3.7 and the gain 
parameter is used for fitting - It is not calculated from the physical properties. 



Compared with the normal simple gain per distance calculations done 
earlier. It is seen that this way of doing amplification calculations is very 
25 Close to reality. 
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Meanv»/hire ft Is impfiQtant to notice what IWs ifi^ 

. Diverges of the beam that increases with the gain Is dearly an ^ffect not 
included. The boundary conditions of the beam rernain therefore 
unknown to this model. 

- Details on the IndlvidMal modes.are not included either. 
Teiriperature elfect due to 

- It c^n be discussed if the coherence length of the multi-beams is long 
enough etc., because these properties are assumed to be ideal. If this 
comes to a problem the model falls because interference will not exist 
then. It should therefore be noticed that this model is enhanced in one of 
the next section to include the properties of 4^ave mbdng. These effects 
compensates totally for this weak point. 

1 5 What can this model be used for? 

- The effect causing the M-shape far-field profile of wide single stripe diode 
Is herby known to be multi-beam interference. 

. It is known why the high angle modes is amplified more that the centre 
20 modes when the gain Is Increased. 

. Diodes geometry can be optimized for the use in a feedbac* system. 
. Optimal angles for feedbadt can choose. 

The basic theory to explain the far-field profile of a wide single stripe diode Is 
herby known. The optimization parameters to design diodes for feedbad< 
systems, and the optimal angles for feedback is herby know. too. Next the 
boundary conditions have to be included. 



30 



I pcludino the Boundan/ f-ondrtion fof the Mode Existence: 



m principle a large/infinite number of modes can inside wide single stripe 
diode because the geometry. In fact It is seen that this not is the case In 
reality. The eflted of "hole burning" limits this number (see e.g. Lasers. P. W. 
Milonni and J. H. Eberly. ISBN (M71-62731-3). The remaining modes have 
35 to overcome the threshold condition, which limits the number of modes 
further. Therefore a result of raising the gain is that more modes can 
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oVfercGPie this condition. As knovyn from the mterferenee* fiain cun/e it 
become easier and easier to get gain as *e angle of Incidence grow, and rt 
can become harder and haider ateo - this depends on . the in^duced 
Interference pattern/grating. 

•-merefbre the modes . at high angles are very fest to show up In the 
feegtnntng as the gain Is rqlseji This process can go on until the very strong 
destructive interference Is created i.e. above 4" at figure 7 her 50% of the 
zero angle gain is here removed, v«hereas the modes below A' get 50% 
extra gain. Therefore it is seen that the angle of divergence is limited to 4'. 
The boundary conditions will therefore work as function of the gain and the 
geometry. This function worKs In clear steps. This agrees with the fact that 
diodes In the same power range always have almost the same angles of 
divergences - one have to rememt»r that the power Is limited by the 
IS geometry. The angle at which the contrast equals the centre gain Is from 
now assumed to be the boundary condition. 

Including the details of the modes leads to the final model of the free running 
diode and the aim of the mode selective feedback for squishing the total 
2 0 amount of power into as small spatial angle as possible. 

Including the Mode Details: 

When looking at figure 3.7 one could get the idea that the mod spacing 
25 changes with the angle of incidence. This does not agree «mh basic laser 
theory, where the mode spacing always has to obey the frequency spacing 
condition c/2L (see e.g. Lasers. P. W. IVIilonni and J. K Eberiy. ISBN 0-471- 
62731-3). The reason it looks different is due to the multi-beam Interference 
that takes out a larger and larger number of modes each time a new 

30 destructive interference fnnges occurs as the angle of incidence grow. The 
remaining modes in the conslmctive interference regions therefore look as 
they were a single mode but most of them are several modes close together. 
Ytere one has to keep In minds that figure 3.7 do not represent a frequency 
scale but an angular mode distribution into space - the far-field. Every one 

35 of these modes oscillates on their own frequency, separated by Its neighbour 
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inode by the ffGquen<^ c/2L "Riis fiive rise ^ Sliicih ampurft of mbdes. but 
most of them never comes sibQvethr^hold. ^ 

Following modes will be related to the angle rather than the frequency _ 
5 because working with far-fields does the practical easier. Second the aim Is 
to change the work of the diode by use of the far-field, where single modes 
have to be loqerted. 

Free Running Diodes: 

10 A free mnnlng laser diode will make multiple-beam interference also. TTi© 
difference is just that the diode can make Its own beam Independed on the 
feedback beam. Due to effects like "whole-burning" some beams will die out 
and other will live. These effects cause modes to exist This mode is 
amplified differently depending on the gain, angles etc. and th^ muffiple- 

is beam interference, also. 

The amplification becomes therefore depended on the angle of Incidence 81 
due to destnJcOve and constructive interference at different angles. This 
effect Is therefore highly Important to a multi-mode diode because modes 
20 exist at different angles, too. The modes will therefore be amplified 
differently. 

Including the Amplification in the Diode Medium: 

A major difference between having an I.e. a glass plate as medium 2 and 
25 having a laser diode is that the laser diode can make an amplification Inside 
the process of multiple-beam Interference. Each time the Incident field EO 
had a loss due to an interaction with the interfaces the Internal reflected 
beam starts to be amplified on the way to the next Interaction with a surface. 
The amplification can be expressed as 



Lxing amplification lengths therefore exist at small angles of incidence, which 
correspond to a high number of multiple-beams. See figure 3.4. 

If a loss at an interface is larger that the amplification since the last surface 
35 loss, the result is still a die out of the beam. Opposrte the process rons wild. 
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Depending on the angle of indd^fiP^ the . fesdbatdk bearn is jrBein^lly 
reflected Ki times Inside the cavity medium. Because of the gain inside the 
cavity medium the beam is amplified different for eatih angle of incidence. 
This is due to the differences In the optical path length. Longer path more 
5 amplification: 

The curvd tft figure- 3.4 is simulated at threshold* no losses Inside medium 2. 
Losses ekist at the Inte^aces by reflection and transmission, only. A 
question will be what effects does a gain inside the medium 2 have? 

10 

Gain does not change the position of the fringes of the interference grating 
but it changes the contrast indeed, se figure 3.5. 




Figure 3.8 Figure 3.9 

15 

Figure 3.8 shows even more gain than figure 3.S. Compared with figure 3.9 that 
shows a free running diode with the same data as used in figure 3.8. some sinularities 
can be seen: Sides are chopped off* around 4^. The 2° in the centre is amplified equally 
and less that the modes between 1^ and 4° fi'om the centre. The amplification 
2 0 mcreases amilar in the range V-A^. The contrast between neighbour modes in this 
rai^eishi^too. 

The condition for high amplification is seen to exist at the small angles of mddence, 
too. 

25 
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Four waves thai obey the conditions of making Interference can contribute to 
the none-linear effect of four-wave mixing. Four-wave mixing can exist in 
almost any materials with a crystal staiclure among these laser diodes, also. 
In four-wave mixing a grating is introduced due to interaction between the 
four waves, In this grating the beams can diffract, so power is transfen^ed 
from one beam to an other, se figure 4.1. 



Figure 4, 1 . Four-wave nubdng 




The figure 4.1 illustrates two eflfects on 
top of each other. The daik vertical lines 
is the grating caused by multiple-beam 
interference. The angles 8mbx coirespond 
to this effect and thereby figure 2.2. 

The other effect is the four-wave mixing 
with the starting beams 1^ that enters 
then medium under an angle related to 
Qmbi. The angle of all four beams is here 
assumed to be the equal. Parts of these 
beams diffract into the beams l>ri< The 
sizes of the beams grows and grows 
through the propagation of the beams 
through the medium, because of the 
difloraction. 
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A quesOon Is now, where does the fburjbeafns cqsni? from? A?? in fee cqse df 
Jlhe multiple-beam interference the beams can originate from both oulsjde an 
inside the medium.^ Lets assuHie that case ts simHar to Vt\& one of figure 2. 1 . 
Iio Is the starting beam. This beam Is reUecled aj the Interface 2 and become 
5 the starting beam lao and so on. Part$ of the h^am Iio is diffiracted into the 
beam In this beam can toe taken in to be the beam V Parts of the beam Isa 
is diffracted into the bearri Isi that can be take In to be th6 beam U, Beam In 
diffracts also but this can be seen as a contribution to the beam Iio. Every 
one of the beams is linked to each other. Therefore beams travelling left Is 
10 depended on the beam travelling right, and beams travelling up and down is 
therefore depended on the beams travelling left and rights also. 

The effects of this link between left and right traveling waves is assumed to 
minimal to a free running diode, because many modes exist at the same 

15 time, and therefore washes out the gratings. If one mode gets much more 
gain that the rest of the modes i.e. because of seleclive mode feedback as 
described below, the grating can be made very strong and the coupling 
coeffident will Increase. This will lower the gaSn for the rest of the modes 
therefore more power of the total power will be concentrated in the selected 

20 mode. One should here notice that four-wave mixing is a higher order effect 
that normally will be weaker than a linear effect like the multiple-beam 
interference. 

Four-wave mixing can therefore be concluded to be an effect that amplifies 
2b and stabilizing the gratings that are important for gain control in this laser 
system. 

The Theory of Transverse Contributing Cavities 

If it is assumed that the amplitudes of beams travelling left and right with 
30 reference to figure 3.1 is controlled by a cavity perpendicular to the one 
between interface 1 and interface 2 the effects of the asymmetry can be 
explained. This cavity will like a normal laser cavity has two different 



^ Once again it is a fiact tibat ibe eSects used in this paper can woik on almost aiQr mediiSDS Le. piece 
of glass. TberefoK tbe laser diode is lier indqiendcd amplifier, only. 




T8 Tfi 9f 6C SV+ XVdt BT^ST 20, 1^0/CO 



»ZOl| m«C8 HN-JJi/dVl so: ST SNO ZO. *0/B0 



-23- 



cofelTicients of reflectivity, \vhich cortcol the size of the t»w> begjns.^ On figure 
4.1 and 4.2 Is shown the FFI^ of two similar dio?les. The orie on figure 4.2 is 
seen to be more asymmetric as the one on figure 4.1. 



FiguuK 4. 1 . Almost qnnmetnc FFP 



Figure 4.2. More asyminetiic FFP 





> » .»:tI 



In practice one seen that asymmetry is a natural effect that exist on free 
running diodes, also. The aim her is to use this effect and optimize it for use 
In this application. Total control over this effect is therefore wanted. 

plitude ^^ ™L°f-!j! iSF ^f i^^r**!"!*^^ 
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If the assumption above is use In a mathematical model one can get the 
curves on figure 4.3 and 4.4, which is drawn for one mode only. The one In 
15 figure 4.3 have the same coefficient of reflection on both cavities, whdreas 

* One could just mpto- the assamption that ilus case handles the case wbote two flee beams is catcaing 
fiom left and liglit Mspecdve, also. Meanwhile this la not the case nsed in ch^ner 6 legaidhig 
feedback 
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: -the on one aoM^ 4.4 have dBTerem ORgs. ttte 9g|Hf«ft asiymiftiS^ can 
be totally controlled by tMseffTect * 

■ . ^ 

A question Is now. how can this effect be controlled in practices? In diode 
5 production every thing is done to avoid sucb effects. This is done" basically in 
two ways: either toy making the reifiedive so small as possfble on Index 
guided diodes, or by uslr)^ gain guided diodes ^ these dan howevier get 
asirmmetric, tod. If one wahl tb changes this properties the eiaslest way is 
therefore to use a special form of external cavity that introduces such an 
10 asymmetry. Then standard diodes can be used for the system. Special 
diodes with this feature included can be produced as wail. 

The CavHv Systems 

The aim of this chapter is to link the effects of the three phenomenons 
15 described in chapter 2. 3 and 4 together through the construction of a laser 
system that Involves more than 2 mirrors. These constructions of laser 
systems have to control the ration of the coupling of between the three basic 
phenomenons, as well. 

20 The Introduction of angle depended gain is dorw by the creation of gratings 
due to interference caused by both tlie multiple-beam interference and the 
fbur-wave mixing, as described above. Therefore, one has to control the 
angle of incidence to select the optimal angles for amplification, as 
describttj above. This could l.a be the alignment of a feedbacic mirror. 

25 

The contrast in these Interference patterns and thereby the strength of the 
gratings are controlled not only by the angle of inddence but also of the 
ration between the Intensities of the beams travelling left and right, vrtth 
respect to the theory descrltied above. Further these beams control the 
30 asymmetry of the FFP, too. Therefore these laser systems have to control 
the ration between the intensity of the beams that travels left and right 
Changing the reflectivity of a feedbacic mirror can i.e. do this. 

A large number of variants of such a laser system can be build by vary the 
35 number of min-ors can thereby the number of cavities. Common for them all 
will be the combination of the three basic phenomena and the use of at least 
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2 miirors/Thc^e laser systems, can be 

internal mirrors, that is made up of the geometiy of the diode. Mirrors can 
here be holograms or gratings, too. 

5 In the following it Is asiSMnied. that, one. mod? exist only for simplicity. This 
mode can exist at any anflle of incidence: The case of selective mode 

Isadbaidtth^t^.^^^^^ 

Figure 5.1 shows a simple oonstmction of a laser system that works as 
10 described above. Optics as lenses is left out here. too. This diode is made 
up of me cavities between the mlrrors/surfeces Ri and Ra, and Ra and R4. 
The Ra and R4 is assumed to be none reflecting. R2 is 100% reflecting and 
R, is i.e. 30% reflecting. This dra«rtng holds the slow-axis contribution only. 
There Is of cause a cavity into the plane of the paper, too - the fast-axis. 

15 

The mirrors Rs and Ra can be adjusted to do feedback that selected angle of 
incidence. The reflectivity of the minxjrs can be changed to control the ration 
between the Intensity of the beams travelling left and right respectively. 
Thereby are the linking between the three phenomena done, and the ration 
20 of the linking also. 




This linking is done in this way: The FFP of the free mnning dioda tells th 
the mode with the highest amplification at figure 1.2 is the best one 1 
feedback, it have is placed 1 a region with constmdive interference 
therefore the high amplification. 
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It should here be noted that the starting beam still could originate from both 
from an internal or external source. Further the same principle is valid for 
15 multipie amplifiers as bars or arrays. 

The Ri and Rs like the R^ and Re make both contributions to the vertical 
cavity nonnally seen as the one bebween R, and Ra- Therefore the ration 
between R, and Rb. and R, and Re can be used to control the amplification of 
20 the beams Inside the diode. 

This leads to the fact that a variant of this system can be build direct into a 
diode as seen in figure 5.2. Here different coatings or a hologram at the 
surfece can make up the properties of Rs and Ro. 

Mext step in the process of getting diffracted limited high brightness beam Is 
the mode selective feedbadc 



TTie cavity Important for the asymrft^ effects is the cavity betvveen. the 
surfaces Ra and R.. This cavity can meanv«hile be seep as a virtual cavity in • 

the cases where standard diode is used as beam source, because nomially ^ 

everything is done her.toniake the reflectivity zero. A new eavjy is therefore 

Introduced between R. and R« via Ra. These mirrors have both a horizontal 
and vertical cphtrl^utlpn. 

74,ovW.thehoneMineareff^^ 

left and right traveling waves. The mirrors Rs and R. introduce her a linear 
coupling, also. Thereby the effects of multiple-beam Interference, ftour-wave 
mixing and the asymmetry are controlled. 



Mode Sp<'=><-tl^'^ Feedback 
30 The final step In getting a diffracted limited high brightness laser beam is the 
mode selective feedback. 

AS described above the existing modes is separated Into space in the FFP. 
Therefore a spatial filter can be placed In the far-field or in a Fourier plane of 
35 a lens system. This feature prevent none selected modes to get extra gain 
from the feedback mirrors Rs and Rb. whereas the modes passing the spatial 
filter is reflected back into the amplifier. This corresponds to gel mode 
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^lective e^a gala The total energy present for Bjr^m^ ^^l 
'same, therefore the none selected modes gets less 9^'" ^"'^ "^".^^^ 
therefore less to the total beam: In fact they never passes spatia^^^ 
the output. Is one mode selected only, the output beam w.11 be a diffracted 
limits high brightness beam. 
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In the case of an internal system the mode selection is done by an angle . 
depended coating or a hologram. 

The outputs can either be two beams, If the reflective of R, and Re are low. 
or one beam, if either Rs or Rs have high reflectivity. Nom^al the one beam 
solution is chosen. One should notice here that that the mirror R« .n some 
ca$es can be dropped. 

The prlndpJes described above can be used on bars and arrays as well, as 
will be described below. 
S ystems of Rars and Arrays 

The theories of this paper can work on bars and arrays of diodes, too. Here 
the input beams can originate from an external laser I.e. a single mode la^r 
or a laser of the type described above. The beam used here has to be 
oollimated. Then the angle of incidence will be the same fbr all emitters m 
the bare or airay. which similar returns amplified beams including the 
selected mode or modes only. 

Figure 7.1. Sdectivc Feedback on a bar or array of standard diodes 
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The mirrors and spaUal filters can of cause be common In then cases where 
diodes is placed In a setup, wliere the mode lines of the FFP have the same 
orientation. 

S 

If common mirrors or sources is used all diodes will synchronize to radiate in 
the same mode. In the case of min-ors i.e. the right side diodes left output on 
figure 7.1 or 7.2 will be reflected and becomes a right side input beam to the 
diode to the left and visa versa This principle therefore works on multiple 
10 diodes. 

One or several of the diodes of the bars or an-ay can as well be used as the 
source of the selected mode. The diodes will always synchronize each other. 

15 Incase where the FFPs not have the same orientation is the only 
requirement still that the diodes have to be synchronized. This will 
meanwhile be more complicated in practice but the principles and theories 
are the same. The Important thing is effsct described in this paper. The laser 
dlode(s) is ampllfier(s) only, therefore one can use as many as required by 

20 the anpliflcation. 

N©d is shown If these principles are working In practice. 
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Pyperlmental Results . 

By a primitive l&boffitory setup the effects of this paper ean be ^pwn to 
work In practice. On figure 8.1 the result of such an es>eriniental work is 
shown. 

Figure 8. 1 . FPP ftpm cspertaiefltal resuh. The diode equals the otice dc$cribed eailicr. 

350. 

3, 100- 



sa- 




The dashed curve is the FFP of the free running diode without the mirrors Rs 
and Rs. and the spatial filters 1 and 2. with respect to figure 6.1. The solid 
line is the same diode with the FFP changed by feedback. Here the mirror Rs 
10 and the spatial filter 1 and 2 are included only. Rs Is a high reflecting mirror . 
Hie curves are recorded between the diode and the spatial filters by the use 
of a wedge. 

It Is seen that highly asymmetry Is introduced. Most of the power Is now 
15 concentrated in the right side of the FFP. TTie power concentrated in the 
right peek measured on the backside of frie spatial filter 2 has a power for 
eaOmW. The total power of the whole FFP is 880mW. This Is a conversion 
efriden^ of above 90% 

20 On figure 8.2 similar curves is shown for a 2000>c390x2Mm (UWxH) diode at 
higher power. 

TTiis curve shows that the mode selective feedback principal works, noOce 
that two modes »(ists within the curve with feedback. The power of this peak 
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is 2.2W. The wavelen£(lh is BOB nm. Ancl^^ainlhe pwi&r Is tior^ts^Ms^ 
into a smaller spatial angle. " 

Figure 8.2. IT? fr<m» ej^wfinieaia result I^^ 

dMtamJJnw iiileia bnK MeDi4, 6a mfi cyl. tem; 

B0ai«nBAL.T«ifi^S.OA.(a«l3ir^ ... 




cross seeton xrauds \t>aM\ 
Hence, the measurements agree with the principles described above. 

Hence, disclosed are the basic principles of the The Multiple Cavity High 
Brightness DlfTracted Limited Diode Lasers. The principle included the 
combination of multiple-beam Interference together with four^wave mixing, 
multiple cavities and selective mode feedtsadc. 

It has been shown also that this laser system is a real laser not a variant of 
an external cavity for laser diodes, because the laser diode is here an 
amplifier, only. Further the systems described her can be Included direcOy 
Into the structure of a laser diode as shown. TTierefore this paper includes a 
description on a new type of diode laser system. 

It has been shown that this theory agrees with experiments, and that this 
principle can be used on single stripe dtodes, bars and arrays. 

In the following an embodiment of the Invention, referred to as GILAS laser, 
wilt be described. 
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Optical ,?Y9^^Gi.,|pr tig^li A? U^r ; . ' 

The follcMVlnig sections Include a basic deswiption of the principles in the 
external cavity of the GILAS Laser and how the optical system Inside the 
cavity works. Further it is explained why the optical system is designed as It 
is and a selection Jjuide of specrfic pptie: ejerner^ Is localised, also, 
CpjTiparlssori taWes of the optics from different suppliers jand tfie prices, of 
units are set up, too: the sek^ns end up with a sujjgesfed cavity system 
and a vl«v of its perfbrmance. 

The GILAS External Cavity 

The GILAS laser system needs an optical system to pickup as much power 
as possible from the light that radiates from a laser diode. At the same time 
15 this optical system have produce an image of the diodes far-field without 
introducing abenratfons. The reason for an imaging wth out aberrations Is 
that far-field equals the Fourier-transform of the diodes near-field, the Image 
of the surt'ace where the diode radiates light The near-filed and the far-field 
includes the many different modes that can exist inside the cavity of the 
20 diode. These many modes can exist because of the wide emitter stripe of the 
diodes. The number of modes depends of the geometry of the diode. Wide 
stripe diodes are required to get as high power out of the GIl^S laser as 
possible. The many drfferent modes are mixed up In space In the near-field 
region but In the far-filed region they are separated into space by an angular 
25 distribution. A single mode can therefore be located at a given position in 
space in the far-field region. It should here be noted that the diodes used for 
the GILAS laser only has one or a few modes in one direction and multi- 
modes in the other direction. An image of a near-field and a far-field can be 
seen in figure 9.1. 

30 
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3 KgureTT^Image of a near-field. The bright stripe the near-fiuld. The 

light rectangle is the wafer, 200Mm. b) Image of a fiir-fidd in a distance of 
400nim, Each horizontal fine is representing one of th« modes that exist in 

the multi-inode direction. 

10 A god mode separation requires an aberration free imaging of the far-field, 
else the modes will be mixed up in space her. also. The idea of the GILAS 
laser system is to pick out one of these modes and feed it back Into the laser 
cavity. Hereby this one mode is amplified more inside the cavity than the rest 
for the modes. This results in die out of all the other modes and a mass 

15 population of the selected mode, just as know from the theory of evolution. 

The best mode to select for feedback can be diffarent from diode to diode. In 
some free running diodes all modes have the same gain, whereas other 
diodes have a one or a few favourite modes that have a higher gain than the 

20 other modes. In the last case one Is not free to select any of the modes, only 
the once with the high gain can be used In the other case any mode can be 
selected but the best result will always come from the modes at the top or 
the bottom edge of the far-field, with reference to figure 1. This Is caused by 
the fact that these modes have to travel a longer distance Inside the cavity of 

25 the diode, thereby their probability of being amplified are higher than for It is 
for the rest of the modes. 

The result of the one mode feedback is that a multi-mode laser beam with a 
beam quality 1«M* transfomw into a single-mode laser beam with a beam 
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quallty 2. A beam Mtfith M^< a cart-be TobusSd into a sfjOt-«te» less that 
10n which are one flf ttw requlTeweflts to the GILAS laser. IWs transform 
wm ' in some cases only reduce the total power by about 10%. The 
transformation loss arid the readied beam quality are here very depended 
on the profile of the far-field. A square iilte far4ield profile, which equals the^ 
ease where flll modes have the same g^n, is predicte<» fl«v^ ^ 

•tfejjyits;' ;. ; : ;r .'V^v--' 

The above description leaves three optical problems to be solved: First, how 
to make the Fourier-transforms of the near-field end »ien selected a single 
mode and afterwards feed back this one mode into the laser diode. Second, 
how to pickup as much power from the diode as possible without Introducing 
aberration into the imaging of the far-field. Third, how to make this optical 
system with a loss of power that are as small as possible. 

Mode Selection by a Fourier-Filter 

The far-field can exist in to cases: Hther In a distance from the diode that is 
much larger that the dimensions of the near-field it self, or in a narrow 
distance around the image point of a lens or a system of lenses. Lenses can 
not be avoid In this case because of the requirement of picking up power, so 
the far-field must be placed In an image point of a lens or a system of lenses 

The filtering of a far-filed Is known problem that is often solved by use of a 
2S Fourier-Filter. A classical Fourier-filter can be build up of two lenses and a 
spatial filter as seen in figure 9.2a. 



Spatial FUter b) Minor 
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FF ENF NF+FNF 

Figui-e 9^. a) A classical Fourter-Faier. b) CHLAS FooiiBT-filter. 



cco@ 



T6 T« n ec S*+ Tfi 9Z'ST ZO. tO/£0 



-34- 

1n the classical Foitfkr-'^ter ^ noar-fiiBkiJf)? is frQilEipr^lr^R^nTt^ 4rAP 
me fer-fieid FF by the lens tP the left. In the PF is a spatial fitter applied. 
. Thereby is the filtered rteiar-field FNF. constructed by an inverse 'Fourier- 
transform by frie lens to the right, tn the GII^S laser the' filtered near-field 
5 has to be feed badt into the priglnal beam, fhi.s diane t>y a developed yariant 
of the F<Hirier-Filter called a C^LAS Fdurlefr-Plter. Mwe the secpnd laps and 
the spartial fiStef dre substituted with a thin mirror stripe with very sharp 
edges. The width of the min-or stripe has to equal the width of the selected 
mode In the position of the far-field. This mirror will then feed back the 
10 selected mode, only. The first lens is here doing both the Fouriar-transform 
and the Inverse Fourier transform. Because of the minor feedback the 
GILAS laser is turned Into a variant of an external cavi^ laser. 

The GIUVS Fourier-filter have bee tested and is found to work very well. At 
15 the moment the Fourier-filter has been used with none aberration ft-ee optics 
in a none ideal set up, only; therefore it is expected that better results can be 
reached with tiie aberation fi-ee optic system described below. 

Aberration Free Optics 

20 

A major problem In picking up the power from the laser diode is that the 
beam is very different and highly divagating In two directions. The two 
directions are known as the fast-axis, divergence at around 35°, and the 
slow-axis, divergence at around 10°. The fast-axis includes only one or a few 

25 dose placed modes, which results in a Gauss like far-^ield profile in this 
direction. The slow-axis includes on the other hand many modes and Its far- 
field profile is far frcxn a Gaussian-shape. This shape can vary from a square 
shape to a shape of the Alps. A significant difference in the field of view of 
ftie two directksns exists, also. The fast-axis is only a l-Zptm wide whereas 

30 tiie slow-axis is 150-1000^m wide. This returns the classical problem of 
making a god imaging of a very long and thin pole. Because of these large 
differences in the properties of the two axes one have to introduce ^lindrical 
optics, so one direction can be treat at time, only. 

35 Normal sphen'cal optics Is introducing large spherical aberration onto beams 
with a high angle of divergence. Therefore one have to use corrected 
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cylindrical optics, which Is difficult to produce and therefbr^ high y 
expensive; a minimum use therefore recdmmended. Another option is to 
use both spherical and cylindrical lenses In a combination of several lenses 
This IS cheaper and less effective bul^this can bring the sphericgl 
aberrations down by arownd a.factor.crf 10 ^^ ^^^^^^^ 
of one. Here one has to be awar^ tfiat every surface in such a. ^ste^ w." 
irrtrocface a lo^^ « F»b*^ hiflh power is a very crHical point .n the GILA5. 
iaser. so as few lenses as possible is required. 

The most critical axis is the fastis because of its high divergence and fte 
fact that the GIIAS systems not are able to improve the beam quality .n m.s 
direction In any way. The only thing the GILAS system can provide to m s 
direction Is aberrations; therefore it is of highest importance to treat this 
direction as god as possible. For picking up the beam in this direction and 
transfomi it into a parallel beam it Is chosen to use a standard highly 
corrected. 12th order, micro cylindrical lens. This will in some degree keep 
the costs of the system down. Some possible choices are: 
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Unto 


OrdiT. Cede, 
f AC 850 


Focal length [mm] 
0.09 J 07 


Dmo 


FACSSOLH- 


0,09107 



The D+ is a better quality with a coating fbr SOSnm. 

The next thing Is to decide the lengtti of the external cavity. On the one side 
a very short cavity is wanted because of the space requirements, on the 
other side a long cavity can reduce the aberrations and standard spherical 
optics can be used in a higher degree. To bring down the requirements for 
positioning of filter-mirror and the sharpness tolerances of the mirror edges a 
cavity length of 100mm is selected. This is caused with the respect to a need 
of a magnification of far-field Image, also. A high density of power can 
introduce damages to the surface for the mirror. Further it will be easier to do 
the mode selection on a magnified image. A magnification of five is here 
reasonable. 

The fast-axis part of the laser beam should after the first cylinder lens be 
colllmaled. To produce an Image point in the distance of the cavity length the 
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isiMm hario i^^ To miftlfliize iiber^^^ adhrorrt^ lens fe^^^^ 

selected for this purposid. The achromat is sMeclcicjl as a r^^tion symmelric 
lens that will vvorl^ commonly for both axes. Sorne^^^^ 



Cotrpeaty 


Order. Code. 


ffmmj 


0/mmJ 


Opto Sijma 


026-Om 


80 


25 


Melhs Griot 


0HAO012 


80 


■ -/ 25 


. Linos 


322210 


80 


25 . 



5 All lenses are coated for B30 nm. 

The Opto Sigma lens was chosen with a spedal coating ASS with R<0.2% In 
the range 800-850nm. 

This achromat Is placed close to the fast-axis collimation lens to get a high 
10 magnification, around 10 times. A little space between the two lenses is still 
left oven thereby the cylindrical pidc up lens for the slow-axis direction can 
be placed in between. This results in a very compact lens system with a total 
length of 30mm. The slow axis cylindrical lens is build up of two cylindrical 
lenses to minimize the abenaHons and to get the possibility for getting an 
15 effective variable focal length outside ttie standard available cmce, Changing 
the spacing of the lenses, normally 1 to 3 mm, changes the effective focal 
length. A focal length of 25mm and 20mm are selected to place the slow-axis 
focal point at the same position as the one for the fast-axis, it should here be 
noted that the slow-axis not have been collimated at any position. The 
20 magnification is the slow-axis ends up to be 5.25. 

Possible choice of lenses in this case is manly lenses from Linos or Opto 
Sigma lenses. 
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BXBfmmJ 


Opto Sigma 


022-OJ40 


20 


10x20 


. Opto Sigma 


022-0170 


25 


10x20 


Opto Sigma 


022-0240 


30 


10x20 



25 

All lenses these have to be coated for 830 nm. 

The Zemax software did a simulation of the system. The angle of divergence 
was chosen to be worst case, 45^ for the fast-axis and for the slow-axis. 
3 0 The return of the Zemax ray tracing is seen in figure 9.3. 
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Figure 9,3. a) Tray-tracing k the fiist-asis direction, the emitter height is 
5 assumed to be 2pitt b) Tray-tracitsg in the slow-axis, the emitter vridth is 

SOO)juxx Di%rent colours coirespond to different staring points of the 
beam, see figure 9.4. 

At figure 9.3 the GLAS Fourier-Filter will be placed at the vertical line to the 
10 right. The diode it self is so small that It cannot bee seen at the lmafle» but it 
l<nown to exist to left of the fast-axis cylinder lens In the left side of the 
picture. A zoomed image of the fast-axis cylinder lens can be seen in figure 
9.4. 




Figure 9 A. a) A zoomed image of the fast-axis cylinder leos. b) 3D image. 



The performance of the optical system regarding the optica! path 
differences, spherical aberrations, is plotted in figure 9.4. 

20 

It is seen from figure 9.5 that the system can reach the theoretical, limit 
0.25X, of an aberration free, diffraction limited, system. In this simulation the 
width of the emitter width was 2x500>im. It is know that the emitter size In the 
future can be larger i.e. 1x700fim or even more. The OPD of the same 
2S configuration can for a 2x1000|im emitter come below 0.3X. Note, that the 
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^^i3!G of divergdnte Is diosen to M^tSt case tor tffls sfHrtiflation. Injpractise 
this system should be enough, else cylinder lens pair for Ihe slow-spcis can 
be replaced be one special designed aspherlcal cylindrical lens, This can 
easily bring down the aberrations to the size of the once seen at the fast- 
5 axis; this limft here is only by money. The^ length of the caylty can be 
enlarged to keep down prices, also. Thereby should this system include^ the 
use with wide single stripe diodes, segmented single stripe diodes and laser 
diode bars. 




Figure 9.5. Plot of die optical path differences, spherical aberration. Lefts 
fast-axis. Ri^its slow-asis. Top*Left) centre of slow-axb and centre of 
fast-axis. Top-Right) Centre of slow-axis and edge of fest-axis. Bottom- 
Left) Edge of alow-axis and centre of fast-axis. Bottom-Right) edge of 
1 5 slow-axis and edge of &st-axz5. Scale ±0.2X. 

In one embodiment of the Invention a modulated, intensity controlled laser 
beam is supplied, e.g. for use in an internal drum image setting machine. 

20 The laser beam is produced by one wide single stripe laser diode witti the 
GILAS external cavity extension as described above, or with two or more of 
' these systems in a polarization coupling. The system according to this 
embodiment modulates the laser beam from the diode through an acousto- 
optics amplitude modulator (AOM) to produce pulses of laser light with a 

25 well-defined period. Also, the voltage applied to the acousto-optlcs crystal 
may be controlled by a feedback from a photo detector before the AOM to 
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ensure a untform density of the exposed areas. Preferably. U is ensuned hat 
the power of the beam can be turned down to a level below the level of pWle 
exposure of the image setter to prevent accidental exposure of the plateffilm 
in areas where it Is not wanted. 

ft is fiirther noted that the laser system according to the invention may also 
be used in obhnecHon with frequency doubling in order to achieve a h.gh 
j»wer laser beam with good coherence properties at higher frequencies, 
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1. A faser system comprising 

- an amplifier member Including an amplifying medium: 

- a first reflective member located on a first side of th? amplifier m^jnben . 

- rsecond reflective member boated on a second side of the amplifier 
member opposite the first side; 

characterised In 

that the laser system further comprises a thW reflective member located on 
the second side of the amprrtylng member and. during operation, cooperating 
with the second reflective member to control the spatial intensity distnbution 
of the light distribution in the amplifying medium in a direction along the first 
and second sides of the amplifier member. 

2. A laser system according to daim 1, characterised In that the reflectivity of 
the second reflective member Is different from the reflectivity of the third 
reflective member and the ratio of the refledlvlties of the second and third 
reflective members is adapted to Increase the intensity of a dominant mode 
of the emitted light distribution. 

3. A laser system according to claim 1 or 2. characterised In 

- that the first reflective member is a reflective coating on the first side of 

the amplifier member; 

- that the second and third reflective members have respective second and 
third nonnals each having a component parallel to the first side, the 
parallel component of the second normal having a direction opposite to 
the direction of the parallel component of the third normal. 

4.. A laser system according to any one of claims 1 through 3. characterised 
in that the system further comprises a first and a second spatial filter, the 
first spatial fitter being located between the amplifier member and the 
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second reflective rheifSber, aria the secdnd spatial filfer being located 
between the amplifier member and the third reflective mprtrber. 

S. A laser system according to any one of claims 1 through 3, characterised 
in that the eecond side comprises a first area and a second area forming an 
acute angle with the first area and the second and third reflective members 
are respective coatings on the corresponding first and second areais. 
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Abstract 

Disclose f8 a laser sy^Mri comprising ah amplifier tnember including dii 
amfiltfyrng mecJIurn; k ifirst reflective member located on a first side of the 
ampliffer merrier; and a second reflective member located on a second side 
of the amplifier member opposite the first side. The laser system ftJrther 
comprises a third reflective member located on the second side of the 
amplifying member and, during operation, cooperating with the second 
reflective member to control the spatial intensity distribution of the light 
distribution in the ampliiying medium In a direction along the first and second 
sides of flie amplifier member 
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